immunogenicity of this organism in poultry remains to be fully elucidated. In this study, we 23 investigated the pathogenicity and immunogenicity of an actA and plcB-deficient L.monocytogenes 24 strain, yzuLM∆actA/plcB, and its wild type parent strain, yzuLM4, in an avian infection model. The 25 results showed that the wild type strain could infect ISA brown chickens causing serious tissue 26 disruptions including various degrees of degeneration, necrotic lesions and inflammatory cell 27 infiltration in liver, spleen, heart and kidney. However, the mutant strain showed reduced virulence 28 (LD 50 was 3 logs lower) in embryonated eggs compared with the parent strain. The mutant strain also 29 showed low virulence in chickens and was rapidly eliminated by the host. There were no obvious reported in many areas of the world including North America, Europe and Japan (2, 6, 12, 13) . As well 44 as infecting humans, L.monocytogenes can also infect and cause listeriosis in animals including birds, 45 goats, sheep, horses, dogs, cats and fish. In birds, more than 17 avian species have been verified to be 46 susceptible to L.monocytogenes, with cases of listeriosis being reported in chickens, turkeys, pigeons 47 and water fowl (3, 18) . Birds can be infected via the airbourne route by inhalation, uptake or debeaking.
48
Young birds appear to be more susceptible to Listeria infection than older birds, the same is true in 49 mammals, and listeriosis is most commonly manifested as septicemia (18).
50
Listeriosis in humans has only been recognized as an important foodborne disease since the 51 1980s, when a number of outbreaks were attributed to the contamination of poultry, particularly 52 processed, ready-to-eat poultry products (19, 21 yzuLM4∆actA/plcB, containing in-frame deletions within the actA and plcB genes by allelic 75 replacement, as described previously (26), was used. The bacteria were grown in 10 ml BactoTM 76 brain heart infusion (BHI) medium (Becton Dickinson Co., Franklin Lakes, New Jersey, USA) per 77 100-ml flasks by shaking at 37℃ for 14 hours, then they were inoculated (1:50) in another 10 ml BHI 78 per 100-ml flasks and grown for 3 hours at the same culturing condition. 
Virulence in chicken embryos

91
The LD 50 of the two strains was estimated using the trimmed Spearman-Karber method (11). In a 92 separate experiment, 0.1 ml of an appropriate 10-fold dilution of the mutant or parent strain in PBS 93 was injected via the chorilallantoic membrane into 14-day-old embryonated eggs using the technique 
1×10
9 colony forming units (CFU) respectively were injected into the right pectoralis muscle of 25 101 chickens in each group using 1 ml syringe. On day 1, 2, 3, 4 and 6 post-inoculation, chickens were 102 sacrificed, the spleens and livers were taken out and homogenized by glass homogenizers, after 103 10-fold serial dilutions, they were plated on BHI plates (37g BHI medium and 18g agar in 1 liter 104 distilled water, pH7.4, sterilization at 121℃ for 15min, pouring to the sterile plates). Table 2 ). There was a significant association between infection with the 174 wild type strain and body weight, while the mutant strain did not affect body weight, suggesting that 175 the mutant had highly attenuated virulence. 
Gross pathology and histopathological studies of L.monocytogenes-infected chickens
177
Gross pathology. After intramuscular infection of chickens with the L.monocytogenes virulent 178 strain yzuLM4, the gross pathological symptoms included loss of appetite, reduced intake, flagging 179 spirit and diarrhea. Systemic abnormalities such as splenomegaly, mild hepatomegaly, myocarditis and 180 white milliary spot necrosis at the site of injection were observed in these chickens. No gross 181 symptoms were observed in either the mutant inoculated group or the control group (Fig. 2) . 198 Although the level of antibody induced by the mutant strain was significantly reduced compared with 199 the wild type strain (Fig. 4A and 4B) , the attenuated mutant still retained the ability to stimulate a high immunized with yzuLM4∆actA/plcB and challenged with virulent yzuLM4 at 2w post-boosting.
375
Chickens were sacrificed on day 2 postchallenge by intramuscular route or oral route, the number of 376 viable bacteria in spleens and livers enumerated as described ( Fig. 5A and Fig. 5B 
